An American Society of Clinical Oncology (ASCO) provisional clinical opinion (PCO) offers timely clinical direction to the ASCO membership after publication or presentation of potentially practice-changing data from major studies. This PCO addresses the role of prostate-specific antigen (PSA) testing in the screening of men for prostate cancer.
INTRODUCTION
The American Society of Clinical Oncology (ASCO) has established a rigorous, evidence-based approach-the provisional clinical opinion (PCO)-to offer rapid responses to emerging data in clinical oncology. The PCO is intended to offer timely clinical direction to ASCO members after publication or presentation of potentially practice-changing data from major studies. The Appendix (online only) provides information on how PCOs are developed. A 2011 systematic review developed by the Agency for Healthcare Research and Quality (AHRQ) on behalf of the US Preventive Services Task Force (USPSTF) provided the opportunity to develop a PCO on the ASCO position on the screening of men for prostate cancer using prostate-specific antigen (PSA) testing.
STATEMENT OF THE CLINICAL ISSUE
Prostate cancer is the second leading cause of cancer deaths among men in the United States, 1, 2 with the estimated number of deaths exceeding 28,000 in 2012. 3 The rationale for screening asymptomatic men for prostate cancer in the general population is the potential for reducing mortality rates through early detection of the disease. However, much controversy exists between the potential harms of screening and the potential benefits.
The issue of PSA testing is fraught with challenges: many individuals do not have adequate information to help them decide whether to be screened for prostate cancer, and providers may not have adequate time, information, or training to help them provide appropriate medical advice. Furthermore, there is controversy regarding the indications for biopsy and treatment. Weighing the potential benefits and harms for each of these decisions is complex, involving many tradeoffs, including the significant issues of overdiagnosis, overtreatment, adverse events, and quality of life. This PCO focuses on PSA testing for prostate cancer screening and also touches on the harms and benefits associated with prostate biopsy. The role of digital rectal examination and associated scientific evidence are not considered in the context of this PCO. In addition, the treatment of prostate cancer is outside the scope of this report, although brief mention of treatment considerations, such as the role of active surveillance, is included in the discussion.
Because PSA testing is already in wide use, the realistic scientific challenge is to identify which men will not benefit from screening and its downstream consequences. It is therefore essential to develop riskstratification and selective strategies as they pertain to screening, biopsy, and treatment. These strategies should be based on the best The results of the randomized trials will help to determine whether prostate cancer screening is a potential explanation for these trends.
Clinical Question
For asymptomatic men in the general population, do the benefits ofPSAtestingforprostatecancerscreeningoutweighthepotentialharms?
Population of Interest
Asymptomatic men from the general population considering PSA-based screening for prostate cancer.
Interventions and Comparisons
As part of prostate cancer screening for asymptomatic men in the general population: PSA testing compared with no PSA testing.
Outcomes
All-cause mortality; prostate cancer-specific mortality; adverse events, including urinary incontinence, bowel dysfunction, erectile dysfunction, psychologic effects, and surgical complications; and quality of life.
Literature Search Strategy
For this PCO, the literature search of the systematic review conducted by the AHRQ 4,5 was used as the basis of an update search to March 16, 2012. In addition, personal files and a targeted search for studies on the harms associated with prostate biopsy were conducted using PubMed (2010 to 2012).
Literature Search Results
From the AHRQ systematic review, 4,5 the benefits and harms of PSA-based screening were informed by five randomized controlled trials (RCTs) [6] [7] [8] [9] [10] [11] [12] and one report from a single center 13 participating in an RCT. 7 The authors also identified two systematic reviews informing the topic. 14, 15 In a companion clinical practice guideline developed by the USPSTF, 16 five clinical practice guidelines were identified, [17] [18] [19] [20] [21] two of which have been updated. 22, 23 The literature search yielded 13-year follow-up results 24 for the PLCO (Prostate, Lung, Colorectal, and Ovarian) RCT 6 and 11-year follow-up results 25 for the ERSPC (European Randomized Study of Screening for Prostate Cancer) RCT. 7 In addition, two population-based cohort studies 26, 27 and an analysis from the Rotterdam section of the ERSPC trial 28 were also identified to describe the adverse events associated with prostate biopsy.
Quality of the Evidentiary Base
The quality of the identified RCTs in the AHRQ systematic review 4, 5 was rated from poor to fair quality by the authors of the AHRQ review using the quality appraisal methods of the USPSTF. 29 These ratings were consistent with the quality appraisal provided by the two identified systematic reviews. 14, 15 The reasons for the downgrading of RCT evidence included insufficient follow-up, differences in the proportion of men with previous PSA testing, noncompliance, contamination, and differences in PSA cutoff levels, screening intervals, and treatment choices.
Concerning the primary outcomes of interest, it should be noted that it is difficult to design randomized screening trials to detect statistically significant differences in overall mortality because of the interference, in the statistical sense, of death from other causes. The sample size requirements needed to adequately power such trials are generally not practicable. Instead, cancer-specific mortality is often used as a quantifiable end point (eg, similar to evaluations of breast, colon, and cervical cancer screening).
LITERATURE REVIEW AND ANALYSIS
For asymptomatic men in the general population, do the benefits of PSA-based screening for prostate cancer outweigh the potential harms?
Benefits
The AHRQ systematic review 4,5 reported on five randomized trials, [6] [7] [8] [9] [10] [11] [12] including data from a single center, 13 and two systematic reviews. 14, 15 Compared with controls, men randomly assigned to PSA-based screening experienced a statistically significant increase in prostate cancer incidence; however, there were no significant differences in overall or prostate cancer-specific mortality. 4, 5 Those results were driven primarily by the two largest and highest quality-rated (fair quality) RCTs: the PLCO 6 and ERSPC 7 trials. In those trials, because there were not specific guidelines about how screen-positive men were treated, it is not clear whether the lack of benefit resulted from limitations of screening, limitations of riskstratification strategies for selecting treatment, or both. 6, 7 In addition, there are well-described methodologic and logistic limitations associated with these trials. 4, 5, 30 In the PLCO trial, which involved 76,685 men age 55 to 74 years, the intervention arm was offered six annual PSA tests compared with the control arm, which received usual care (which may have also included PSA testing). The PSA threshold to warrant further investigation was Ͼ 4 ng/mL. After 7 years of follow-up, no statistically significant differences in overall or prostate cancer-specific mortality were detected. In that trial, approximately half of the patients in the control arm also received PSA screening. After 13 years of follow-up, the authors reported similar results, with no statistically significant differences in overall or prostate cancerspecific mortality detected.
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In contrast, the ERSPC trial, which involved 182,160 men age 50 to 74 years, offered PSA testing approximately once every 4 years and established a PSA threshold of Ͼ 3 ng/mL. The lower PSA threshold resulted in more positive results and hence more false positives; however, the ERSPC trial did not experience a contamination effect, as clearly shown in differences in stage distribution between the control and PSA-screened groups at the time of diagnosis. After 9 years of follow-up, in a predefined subgroup analysis of 162,388 men between the ages of 55 and 69 years, a 20% reduction in prostate cancer-specific mortality but not overall mortality was detected with PSA testing. That result was maintained after 11 years of follow-up. 25 In addition to the combined reporting of results of the participating centers of the ERSPC trial, the Göteborg trial, 13 a component of the ERSPC trial, reported separate data on 20,000 men after 14 years of follow-up. In that trial, statistically significant differences in prostate cancer-specific mortality of up to 56% were detected in favor of the PSA-screened arm. 13 The Göteborg trial began as an independent study before the initiation of the ERSPC trial, and it was predetermined that results would be presented separately. The data from the Göteborg trial 13 are included in the ERSPC analyses.
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The remaining three RCTs [8] [9] [10] [11] [12] were rated as being of poor quality. 4, 5 Given the availability of the larger and higher-quality RCTs, 6, 7 they did little to inform the issue of PSA screening. Overall, using the ERSPC trial data of 162,388 participating men age 55 to 69 years, the relative reduction in the risk of death resulting from prostate cancer was 21% (rate ratio, 0.79; 95% CI, 0.68 to 0.91; P ϭ .001), with prostate cancer death rates of approximately four per 1,000 men screened versus five per 1,000 men screened. In other words, in the bestcase scenario to date, 1,055 men would be needed to be invited for screening, with two to three PSA tests over 11 years of follow-up (and 37 cancers detected), to prevent one death resulting from prostate cancer.
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Harms
The AHRQ systematic review 4, 5 reported that the false-positive rates associated with PSA screening were 12.9% in the PLCO trial 6 after four rounds of screening and 12.5% in one center of the ERSPC RCT 7 after three rounds of screening. In the PLCO trial, harms associated with diagnostic evaluations, including biopsy, were reported to be infection, bleeding, and urinary difficulty (68 events per 10,000 evaluations). [4] [5] [6] In one center of the ERSPC trial, among 5,802 biopsies performed, reported harms were fever (3.5%), urinary retention (0.4%), hospitalization for signs of prostatitis or urosepsis (0.5%), and hematuria (22.6%) and hematospermia (50.4%) more than 3 days after biopsy. 4, 5 Nam et al 26 were the first to show an increase in complication rates after a transrectal ultrasound-guided biopsy over a 10-year period (1996 to 2005) from a large, population-based study of more than 75,000 men. The hospital admission rate for urologic complications within 30 days of the procedure was 1.9%. Over the study period, the 30-day hospital admission rate increased from 1.0% in 1996 to 4.1% in 2005 (P for trend Ͻ .001), with the majority of patients (72%) seen for infection-related reasons. In that study, the overall 30-day mortality rate was 0.09%. 26 This finding was confirmed by a subsequent study comparing 30-day hospital admission rates from Medicare participants in the Surveillance, Epidemiology, and End Results regions from 1991 to 2007. 27 The 30-day hospital admission rate was 6.9% among 17,472 biopsied men, which was approximately 2.5 times higher than that among a random sample of 134,977 population controls. Admission rates increased over the study period, with infectious causes being greater in more recent years. 27 Further analysis of the 10,474 patients who underwent a biopsy is available from the Rotterdam section of the ERSPC randomized trial. 28 Patients assessed by questionnaire 2 weeks after biopsy reported a 4.2% rate of fever and hospital admissions, with 81% related to infection. 28 Year of biopsy was the only positively associated factor associated with increased hospital admission rate.
DISCUSSION
The quality, quantity, and limitations of the identified literature make definitive recommendations around the role of PSA screening for prostate cancer difficult. This is reflected in the recommendations of other major US health organizations that have provided recommendations on the topic. [16] [17] [18] [19] [20] [21] [22] [23] Although there is general agreement that screening is not helpful for men who do not have a reasonable life expectancy beyond 10 years, recommendations have ranged from supporting general population screening 21, 23 to screening selected groups of men who are fully informed of the harms and benefits. 18, 20, 22 In addition, several groups cited inconclusive evidence to make a recommendation for or against PSA screening for men younger than age 75 years. 16, 17, 19 Of note is the update of the USPSTF recommendation statement for 2012, which recommends against routine screening.
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Despite the uncertainty, for those men who choose to undergo PSA screening, more cases of prostate cancer will be identified. A large proportion of those men will ultimately be diagnosed with low-risk disease, which may not have presented itself clinically over their lifetimes. For men with low-risk disease who seek treatment, it is not clear if the risk of dying as a result of prostate cancer, or any other cause, is reduced compared with men who chose active surveillance. 31, 32 In the Swedish study in which men were randomly assigned to surgery or watchful waiting, cancerspecific survival was higher among men who underwent surgery. However, the study patients did come from a PSA-screened population, andtheexternalvalidityoftheresultsmaybelow.
31 Ontheotherhand,the PIVOT (Prostate Cancer Intervention Versus Observation Trial) study involved a North American screened population and showed no difference in overall survival rates between men randomly assigned to either surgery or watchful waiting. 32 However, in a subgroup analysis, a survival advantage for surgery was found for patients who had a PSA Ͼ 10 ng/mL at diagnosis. It is important to emphasize that to date, these results have not been published and have only been presented in abstract form. 32 A critical review of the data and results will be required before any definitive conclusions can be made from this study. In addition, a National Institutes of Health consensus statement concluded that men with low-risk prostate cancer may be better candidates for active surveillance rather than immediate treatment, although the authors acknowledged a lack of standard approaches and of high-quality evidence for recommending when to move from active surveillance to treatment. 33 In contrast, for those who do not choose PSA-based screening, there is the risk of missing more aggressive forms of localized prostate cancer that might be successfully treated if detected early with screening.
Screening with PSA may identify prostate cancers earlier, but better screening approaches are needed, such as risk stratification for screening and assessing individualized risk for prostate cancer. It is well established that a patient's age and level of comorbidity need to be considered when deciding whether to screen for prostate cancer. [34] [35] [36] Assessing risk for prostate cancer has been achieved through development of prostate cancer risk calculators. These factor not only PSA but other risk factors and tumor markers for prostate cancer as well. Rather than using a cutoff value, individual probabilities for any and aggressive prostate cancers are calculated, with the decision for biopsy based on patient and physician views on that risk. Thompson et al 37 were the first to develop a prostate cancer risk calculator, followed by others in Canada 38 and Europe. 39 Although the latter tools have been evaluated and validated by external populations, 38, 39 there is no evidence to support that these tools have affected the success of screening programs to date. Further research will be required to determine how patients perceive their individual risk-threshold probabilities for prostate cancer to better evaluate the impact of prostate cancer risk calculators in the context of a prostate cancer screening program. TheissuessurroundingPSAtestingarecomplexandmaybedifficult toconveyduringthelimitedtimeofaroutineofficevisit. 40 Althoughthere is little risk associated with obtaining a PSA test, the downstream implications of the test results necessitate shared and informed decision making. Formal written consent may not be necessary, but at a minimum, a discussion of the known risks and potential benefits should take place and be documented in the patient's medical record. 40 In addition, as part of the informed and shared decision-making process, it is important that discussion include the topic of men who are not appropriate candidates for PSA testing. Frank discussion around life expectancy is important, and for those who would clearly not benefit, it should be communicated that PSA testing as part of prostate cancer screening is not indicated. To aid with the discussion, decision aids, which have been shown in randomized trials to influence decision making around prostate cancer screening, 41, 42 should be available to patients before the decision on whether to pursue PSA testing for prostate cancer screening. Although ASCO does not endorse any one decision aid over another, a sample of information sources is provided in Table 2 . In addition, an ASCO decision aid based on this PCO is available at www.asco.org/pco/psa. Therationaleforscreeningmenforprostatecanceristhepotentialto reduce the risk of death through early detection, and there is some evidence to suggest screening is beneficial for some groups of men. Although not ideally informed, PSA testing is already in wide use, and the realistic scientific challenge is to identify which men will benefit from screening or its downstream consequences and which men will not. There has been tremendous effort to evaluate new biomarkers for prostate cancer to replace the PSA test for prostate cancer screening. The spectrum of biomarkers has ranged from genetic-based markers (eg, single nucleotide polymorphisms) to serologic protein markers, particularly from the Kallikrein family of proteins, of which PSA is a member, to urinary-based markers. To date, none have been able to replace the PSA test for prostate cancer screening.
At this point in time, it is uncertain whether the benefits associated with PSA testing for prostate cancer screening are worth the harms associated with screening and subsequent unnecessary treatment. Better evidence is needed regarding the benefits and risks of screening in high-risk subgroups, including those with family history of the disease and those of African American decent. There is no evidence that populations with a higher overall prevalence of prostate cancer have a different degree of benefit or risk related to PSA-based screening compared with the general population. Areas of future research include the search for other screening tests that improve the predictive accuracy of PSA for clinically meaningful outcomes related to prostate cancer and the need for high-quality evidence comparing radiation with surgery for screen-detected localized prostate cancer. Because the evidence does not clearly inform the issue around PSA-based screening and its downstream effects, the importance of informed and shared decision making becomes paramount. 
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